We present meter-wavelength observations of the solar corona close to the onset of the "halo" coronal mass ejection (CME) of 1998 January 21 and estimate the change in electron density with time through a reproduction of the observed two-dimensional radio brightness distribution using a ray-tracing technique. Our calculations show that the average density above the background in the southeast quadrant of the corona overlying the visible solar disk had increased significantly (from 0 to 18), in the aftermath of the CME liftoff. This indicates that the source region of the event must have been located at a lower level of the solar atmosphere in that area. The rate of mass injection corresponding to the above change in density was found to be ≈ g hr Ϫ1 .
INTRODUCTION
The observations with conventional "white-light" coronagraphs are the historical and empirical foundations of our present knowledge of coronal mass ejections (CMEs). But by their very nature, the coronagraphs have an occulting disk to block the direct photospheric light, and hence the source region of a CME cannot be observed using them. The situation is severe, particularly for CMEs directed along the Sun-Earth axis, termed "halo" CMEs by Howard et al. (1982) , since they originate close to the center of the visible hemisphere of the solar disk. Attempts have been made to identify the location of eruption using soft X-ray (Hudson & Webb 1997; Plunkett et al. 1997) , EUV (Thompson et al. 1998; Plunkett et al. 1998; Zhukov & Auchère 2004) , and microwave (Filippov 1998; Dougherty et al. 2002; Gopalswamy et al. 2003 ) data. Radio observations in the meter-wavelength range also play a useful role in this connection, since they do not have the limitation of an occulting disk and a CME can be directly imaged in thermal bremmstrahlung emission from the excess electrons in its frontal loop (Gopalswamy & Kundu 1992; Bastian & Gary 1997; Kathiravan et al. 2002) . The sky-plane speed and acceleration of the latter, particularly in the region of the solar atmosphere beneath the occulting disk of a coronagraph, can be estimated in a straightforward manner (Ramesh et al. 2003) . Again, one can observe activity at any longitude, similar to X-ray and EUV wavelengths (Ramesh & Sastry 2000; Ramesh 2000) . The "true" speed of a CME in three-dimensional space can also be determined through ray-tracing analysis of the observed radio brightness distribution (Kathiravan & Ramesh 2004) . In this Letter, we report on our attempt to obtain quantitative information on the source region of a halo CME in an independent manner through ray-tracing analysis of the meter-wavelength radioheliogram close to its onset.
OBSERVATIONS
The radio data reported were obtained on 1998 January 21 at 109 MHz with the Gauribidanur radioheliograph (GRH; Ramesh et al. 1998) , operating near Bangalore in India. The characteristics of the array at the above frequency are the minimum detectable flux limit ≈0.02 sfu (1 sfu p 10 Ϫ22 Wm Ϫ2 Hz Ϫ1 ), angular resolution ≈ ( ), and the field of 7 # 11 R.A. # decl. view ≈ ( ). The calibration scheme used for 3Њ # 5Њ R.A. # decl. processing of the GRH data makes use of the redundancy in the length and orientation of the various baseline vectors and enables us to image the solar corona with a dynamic range of ≥20 dB (Ramesh 1998; Ramesh et al. 1999) . This is useful in detecting thermal emission from weak density enhancement associated with coronal streamers, CMEs, etc., in a better manner. According to the CME catalog 3 for the year 1998, a full halo event was observed on 1998 January 21 by the Large Angle and Spectroscopic Coronagraph (LASCO; Brueckner et al. 1995) on board the Solar and Heliospheric Observatory (SOHO; Fleck et al. 1995) . The event was first observed above the southern quadrant of the occulting disk of the LASCO C2 coronagraph around 06:37:25 UT. Its leading edge was located at a radial distance of about 2.75 ( R R p solar radius p , ,
) at that time. The extrapolated onset time of 5 6.96 # 10 km the event is 05:09:09 UT. The speed along the line of sight and in the plane of the sky are ≈318 and 485 km s Ϫ1 , respectively (Kathiravan & Ramesh 2004) . The CME was associated with a Ha filament eruption from the location (S57Њ, E19Њ) 4 on the solar disk between 04:00 and 06:03 UT on that day Zhou et al. 2003) . Figures 1 and 2 show the radioheliogram obtained with the GRH on 1998 January 21 at 05:01 and 6:01 UT, before and after the onset of the CME, respectively. There is noticeable enhanced emission in the radioheliogram obtained at 06:01 UT in the aftermath of the CME liftoff.
ANALYSIS AND RESULTS
The ray-tracing technique described in our earlier papers (Ramesh & Sastry 2000; Kathiravan et al. 2002; Kathiravan & Ramesh 2004 ) is used to reproduce the observed radioheliogram. Figures 3 and 4 show the brightness distribution obtained through ray-tracing calculations for the radioheliogram observed before ( Fig. 1 ) and after ( Fig. 2) the eruption of the CME, respectively. There is a good similarity between the corresponding images. The assumed values for the electron temperature and density of the "background" solar corona are ≈ K and 0.45 # 6 1.0 # 10 Newkirk density (Newkirk 1961) , respectively, for both the events. Note that according to the 1 # Newkirk density model, Fig. 1 through ray-tracing technique. The numbers S1-S15 indicate the location of the centroid of the discrete sources used in our calculations. Their parameters are listed in Table 1 . 3 , but for the radioheliogram in Fig. 2 . The parameters of the sources S1-S16 are listed in Table 2. the 109 MHz plasma level in the background corona will be located at a radial distance of ≈1.22
(from the center of the R , Sun). But in order to obtain a better reproduction of the observed radioheliogram in Figures 1 and 2 , we used the 0.45 # Newkirk density model. The 109 MHz plasma level in the latter is located at a radial distance of ≈1.11
. The parameters of the different R , discrete sources used to obtain Figures 3 and 4 are listed in Tables 1 and 2 , respectively. Note that about 15 discrete sources have been used to reproduce the observed brightness distribution in Figures 1 and 2 . Since the source region of 90% of the halo CMEs are located within ‫06ע‬Њ longitude and latitude on the Sun (Lara et al. 2000) , we adopted the following criteria to identify the relevant sources from the above list: (1) the magnitude of the z-coordinate 5 of the source should be less than 1.0 and (2) the y-coordinate should be less than .
The sources that meet the above criteria are listed in Table 3 . Their longitude and latitude were obtained using the following expressions: .
Ϫ1 Ϫ1
long p tan (y/x) and lat p 90Њ Ϫ cos (z/r) Here is the radial distance of the source 2 2 2 1 / 2 r p (x ϩ y ϩ z ) from the center of the Sun. The error involved in the longitude and latitude estimation is ≈‫51ע‬Њ. We calculated the change in density enhancement ( , where is the density fac-G p DC /Dt C n n tor) of the radio sources in the corona overlying the visible solar disk between 05:01 and 06:01 UT, and the average values in the different quadrants are , , , and (Fig. 5 ). There is a significant increase in density G p 2 NW in the southeast quadrant. This indicates that the source region of the CME must have been located in that area, below the altitude from where the observed 109 MHz radiation has originated. The enhanced emission is due to thermal bremmstrahlung from the excess electrons associated with the CME. It is interesting to note that the Ha filament eruption that was temporally associated with the CME in the present case was also from the same quadrant, i.e., S57 E19. An inspection of Table 3 indicates that the change in density in the southeast quadrant is mainly due to the discrete source S4 used in the ray-tracing calculations to reproduce the observed radioheliogram at 06:01 UT. We calculated its mass using the relation , where and
are the density and volume ( ) of the structure (see 8.8 # 10 enhancement was observed above the visible solar disk in the southeast quadrant prior to the CME liftoff (see Table 3 ). Therefore, the above mass must have been injected into the upper layers of the solar atmosphere in a period of ≤1 hr, during the propagation of the CME. Our estimate is in good agreement with the mass loss reported in association with the launch of a CME (Hudson et al. 1996; Sterling & Hudson 1997; Gopalswamy & Hanaoka 1998; Ramesh & Sastry 2000) .
In conclusion, our results indicate that ground-based lowfrequency (30-110 MHz) radio observations can be a useful and independent tool to identify the source region of a CME on the solar disk, since the corona overlying the visible solar disk can be imaged without any limitation. Again, the optical depth of the emission from the background corona in the above frequency range is not very large. Thus, the radio counterpart of a CME can be observed close to its onset with a better contrast (Ramesh 2005) .
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